Abstract. An electrically floating metallic bare tether in a low Earth orbit would be highly negative with respect to the ambient plasma over most of its length, and would be bombarded by ambient ions. This would liberate secondary electrons, which, after acceleration through the same voltage, would form a magnetically guided two-sided planar e beam, and result in auroral effects (ionization and light emission) upon impact on the atmospheric E layer, at about 120-140 km altitude. This paper examines in a preliminary way the feasibili.ty of using this effect as an upper atmospheric probe. Ionization rates can reach up to 105 cm '3 s '• if a tape, instead of a wire, is used as tether. Contrary to standard e beams, the beam from the tether is free of spacecraft charging and plasma interaction problems, and its energy flux varies across the cross section, which is quite large; this would make possible continuous observation from the satellite, with high resolution, both spectral and vertical, of the induced optical emissions. Ground observation might be possible at latitudes around 40 ø , for night, magnetically quiet conditions.
Introduction
The electrodynamic interaction of an orbiting conductive tether with geomagnetic field and ionosphere has received attention for potential applications ranging from ELF wave emission [Grossi, 1973] to power generation and propulsion [Martinez-Sanchez and Hastings, 1987] . The bottleneck is the efficient capture of ionospheric electrons at the anodic end of the tether: electron gyroradius and Debye length are so small compared to any useful, three-dimensional (3-D), passive anode that both magnetic guiding and electric shielding greatly reduce collection. This has motivated work on active contactors that create a plasma cloud to bridge the ionosphere [Wilbur and Laupa, 1988; Gerver et al., 1990] . As a simple alternative, Sanmartin et al. [1993] proposed using uninsulated metallic tethers, whose anodic segment could collect electrons passively with no shielding or magnetic effects; this is the orbital-motion-limited (OML) regime of standard probe theory [Chung et al., 1975] , here applying because bare tether collection is a 2-D process governed by the thin tether cross section.
Actually, the OML regime in cylindrical geometry does not even require that the crosswise dimension be small compared to Debye length or gyroradius. An anodic segment in the kilometer range could lead to quite large (in addition to effective) collecting areas. A NASA experiment, Propulsive Small Expendable Deployment System (ProSEDS), will test bare tether collection in a 1999, Delta 2 flight; Marshall Space Flight Center is considering the use of bare tethers in the International Space Station, for reboost or peak power generation [Johnson et al., 1996] . As a power generator, a bare tether pared with rockets, satellites allow repeated observations, and produce e beams originating well above the lower ionosphere, as in natural auroras. A difficulty found in almost all experiments, and particularly serious for satellites, was that beam firing affected the potential of the spacecraft, which serves as ground for the beam source itself. The high energy flux involved leads to a second serious difficulty. The beam diameter is only twice the gyroradius at beam energy, or 10 m at 3 keV; for a representative 1 A current, the energy flux is 2 orders of magnitude above that for type 4 of natural auroras, for which type 1 is the weakest visible type. This compensates the small depth (~ 10 m) of the emitting layer in the direction of observation, compared with a depth ~ 10 km for an auroral arc, and leads to a similar brightness, making ground observations easy. On the other hand, intense beams are hard to predict; they produce suprathermal electrons [Cartwright et In this paper we present a preliminary feasibility study for this concept. Section 2 reviews the electrodynamic aspects of the tether current generation, and section 3 discusses the beam characteristics. Section 4 presents a simplified model of the interaction of the electron beam with the upper atmosphere and gives ionization rates. Section 5 considers the observational options and their feasibility.
Tether Beam Emission
For this particular application, where we have no need for the tether as a generator, it is best to deactivate the cathodic contactor at the bottom; this makes both the tether electrically floating and the anodic segment shorter. In order to also reduce the high voltage exposure of the spacecraft, the tether should be deployed downward; Figure 1 As already noted, for the OML regime to hold, neither magnetic nor space-charge effects should affect particle collection. This puts limits on the dimensions of the tether cross section. For both power generation and thrust applications, where electron collection is the dominant process, magnetic effects, whose characteristic length is the thermal gyroradius, might place the strongest limitation. For the present application, however, we can totally ignore those effects because the ion gyroradius is larger than the electron gyroradius by the large factor •/m/me. Space-charge effects then come into the fore; a preliminary estimate would allow a maximum crosswise "radius" of about twice a representative Debye length (~
ram).
If we take E = 175 V/km (an average value for 28 ø, 300 km orbits), n• = 3x 1011m -3 (nighttime level for an average solar activity at 300 km) and a 20 km long tape with ¾1 = 0.15 per kV and half-width 12 mm (perimeter ~ 48 mm), we calculate from (5) an emitted current of 0.63 A. By contrast, a circular wire emitting this current would be too rigid and heavy, having a 7.7 mm radius, and weighing about 9990 kg if made of aluminum, and over 3700 kg if made of a plastic material with a thin outer aluminum layer. This compares with 170 kg for a tape, say, 0.13 mm thick, for which the ohmic voltage drop would keep at 5% of the total emf, 3.5 kV. This advantage of tapes as regards weight reduction does not fully extend to other tether applications; using a tape reduces the length required to generate a given power but hardly modifies the power-to-mass ratio of the tether, which is bound by efficiency requirements on the circuit involving the tether.
Tethers 20 km long have been already successfully deployed on three occasions: Small Expendable Deployment System (SEDS) 1 and 2 were dielectric tethers flown on Delta Possible tape twisting would have no effect on the 2-D ion collection process, because directional effects, either magnetic or from orbital motion, are absent; note in this respect that the relative orbital energy of oxygen ions, •miv" = 4.5 eV, is much less than the keV acceleration energies. Note also that although our tape might be too wide to ignore magnetic effects on electrons, thus breaking the OML law for electron collection (2), our results do not require a precise value for l/L (they just need it to be small).
Electron Beam Characteristics
The energy of the injected electrons, and hence the physics of their interaction with the atmosphere, is strongly influenced by the choice of (geographical) inclination i for the tether orbit. For a first approximation, the dipole model of the Earth's magnetic field is useful; the field at the magnetic equator is Bo
• 3x 10 -5 T. One then finds that at a point in the orbit where the magnetic inclination is ira, the induced electric field is , E = (v x B)z = Bov cos ira,
which shows that to the extent that i m can be considered constant during one orbit, the induced emf is also constant. The magnetic inclination, however, does vary on a daily basis with the angle 13 between the ascending node of the orbit and the magnetic pole meridian, 
COS i m =COS i COSOt
Note that the beam characteristics are entirely determined by tether parameters L, p, and ¾•; plasma parameters he, mi, I, and magnetic component perpendicular to orbit, E/v; and height z above the tether bottom.
Beam-Atmosphere Interaction
Most of the electron-atmosphere interaction will occur in the E layer, between 120 and 150 km altitude. This region is characterized by a predominance of molecular ions (02 + and N2 + in particular), which recombine rapidly by dissociation after sunset. The nighttime ionospheric density at midlatitudes can reach as low as 10 2 cm -3 for very quiet magnetic conditions, while the daytime density is around 105 cm -3, with some dependence on the sunspot cycle [Kelley, 1989] 
Conclusions
Significant localized enhancements of ionospheric emission rates would result from the topside bombardment of the E layer by secondary electrons liberated by ions falling on a bare tether (a tape of some 20 km length, electrically floating in LEO orbit). As an e beam source a tether is free of the problems that have plagued standard sources. Continuous observation from the satellite, allowing for spectral and vertical resolution, has been shown to be feasible, and would, if correlated with the incident e beam characteristics, yield important information on auroral processes. Ground observation might be also possible under limited conditions.
